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Introduction
Most electric energy produced in Brazil comes from hydroelectric plants (HPP) since they are low-cost, sustainable sources (BRASIL, 2015) . However, their deployment and functioning brings about several environmental issues (FONTES, 2011) due to the changes caused by their construction. For instance, fish population structure is modified due to migration inhibition of native species by dam building (AGOSTINHO et al., 2007; ANDRADE, 2009; LIMA, 2015) .
Transposition mechanisms in dams permit the passage of fish between areas downstream and upstream, although most mechanisms (ladders and lifts) are employed only for ascending displacements. However, fish mortality has been reported during such deployment (SIROL; BRITTO, 2006) . Little is actually known with regard to the effects of HPP on the movement and behavior of fish with habitats in the dam area (SUZUKI, 2014) and information on fish communities in the dam´s immediate area is highly relevant for the deployment of less impacting procedures (FONTES, 2011) .
The species Leporinus elongatus (Valenciennes, 1850) , order Characiformes, family Anostomidae, subfamily Anostominae (AGOSTINHO et al., 1997) , is a mid-sized, long-distance migration fish which is present in the basins of the Paraná, São Francisco and Amazon Rivers (AGOSTINHO et al., 2007) . According to Luiz et al. (2003) , the damming of water courses generates deleterious effects on fish populations and may cause the local or regional extinction of endemic species. Excessive fishing and pollution cause the same effects on populations of migratory fish (AGOSTINHO et al., 2007; ANDRADE, 2009) . The maintenance of genetic variability in wild stocks is relevant for the adaptability and survival of offspring and the strategies that assess genetic differentiation are important to analyze conditions in which variability is lost (GOMES et al., 2013; MARTELETO, 2015) . Molecular markers may be largely used to identify the animals´ genetic characteristics, such as monitoring genetic variability (LOPERA-BARRERO, 2009; GASQUES et al., 2013) .
Research with dominant molecular markers has produced satisfactory results in wild populations of L. elongatus caught in transposition ladders of HPP (PAULA, 2006; RAMOS et al., 2012) . Further, other recent research works demonstrated the efficiency of these techniques in restocking programs or in broodstocks of other native species (ALMEIDA et al., 2013; GOMES et al., 2011 GOMES et al., , 2013 JACOMETO et al., 2010; LOPERA-BARRERO et al., 2010) . Due to easy techniques and extensive polymorphism, markers are highly common in research on neotropical fish (HILSDORF, 2013) .
Current assay evaluates the genetic variability of two populations of L. elongatus downstream and upstream the Cachoeira Branca (the axis of the dam) before the construction of the HPP. ) were added to microtubes with the fins. The material was incubated in a warm bath at 50ºC for 12 hours. DNA was precipitated with 600 μL of NaCl solution (5 mol L -1 ) and centrifuged for 10 min at 12.000 g. The supernatant with DNA was transferred to 800 μL microtube, precipitated with 700 μL absolute ethyl alcohol and incubated for 1 hour at -20ºC. DNA was then centrifuged, washed in 700 μL ethyl alcohol 70%, suspended in 85 μL TE buffer (10 mmol L -1 Tris pH 8 and 1 mmol L -1 EDTA) and treated with 7 μL RNAse (30 mg mL -1 ) in a warm bath at 37ºC for 1 hour. The material was then stored in a freezer at -20ºC.
Materials and Methods
DNA was quantified in a spectrophotometer (Shimadzu Corporation, Kyoto, Japan) with 260 nm absorbance. Samples were diluted for a concentration of 10 ng μL -1 . Agarose gel electrophoresis 1% was performed to guarantee the quality of extracted DNA, by buffer TBE 1X (500 mmol L -1 Tris-HCl, 60 mmol L -1 boric acid and 83 mmol L -1 EDTA), for 1 hour, at 70 volts. Amplification conditions were based on procedures by Williams et al. (1990) , with modifications. DNA was amplified in a 15 μL reaction volume in which 1X Tris-KCl, 2 mmol L -1 de MgCl2, 0.46 μmol L -1 starter, 0.2 mmol L -1 of each dNTP, one Platinum Taq DNA Polymerase unit (Invitrogen, Carlsbad, USA), and 10 ng target DNA, were used as buffer.
DNA was denatured at 92ºC for 4 min; 40 cycles were performed, each with 40 s denaturation at 92ºC; 1:30 min annealing of starter at 40ºC; 2 min for extension at 72ºC; followed by a final extension at 72ºC for 5 min. Reaction were amplified in an Eppendorf MasterCycler Gradient thermocycler. Eight different 10-base starters were chosen from Kits OPA, OPW and OPX (Operon Technologies Ltd., Valencia, USA) with the best definition and reproducibility (Table 1) .
Amplification products were separated by agarose gel 1.5% and 15 μL of the amplified product and 2 μL of the sample buffer (40% sucrose and 0.25% bromophenol blue) were used in horizontal electrophoresis. Electrophoresis was conducted in TBE 0.5X buffer (45 mmol L -1 TrisBorate and 1 mmol L -1 EDTA) during 4 hours, at 70 volts. Quantification and amplification gels were perceived under UV radiation after exposure with ethidium bromide (0.5 μg mL -1 ) for 1 h. The image was photographed by a Loccus Trans-illuminator -L PIX (USA). Size of fragments by amplifications was estimated by comparing to standard ladder 100 bp (Invitrogen, Carlsbad, USA). The presence or absence of identical molecular sizes was employed to build a similarity matrix based on Jaccard´s similarity coefficient, coding 1 as presence of fragment and 0 as absence.
Shannon´s genetic diversity index and percentage of polymorphic fragments (95% criterion) were obtained by PopGene 1.31 (YEH et al., 1999) , whilst TFPGA 1.3 (MILLER, 1997) determined genetic distance and identity (NEI, 1978) among the populations and frequency of fragments by exact text (RAYMOND; ROUSSET, 1995) . Arlequin 3.0 (EXCOFFIER et al., 2005) determined the genetic differentiation by Fst (ancestry coefficient) estimates (WEIR; COCKERHAM, 1984) and for the analysis of molecular variance -AMOVA (EXCOFFIER et al., 1992) . The significance of tests was verified by the randomized permutation method, with 1,000 and 10,000 permutations. The program was also employed to determine the number of migrants per generation (Nm). The statistical significance of Fst was obtained by χ 2 test [c² = 2n Fst (k-1); GL = (k-1) (s-1)], following Workman and Niswander (1970) , in which: n is the number of specimens in the two groups; k is the number of alleles; s is the number of groups. The greatness of genetic difference between stocks was calculated according to Wright (1978) , or rather, low (Fst = 0 -0.05); moderate (Fst = 0.05 -0.15); high (Fst = 0.15 -0.25) and very high (Fst>0.25).
Results and Discussion
Six starters with the best amplification and reproductive characteristics were selected, totaling 89 fragments, including 72 (80.9%) polymorphic ones. The number of fragments ranged between 12 and 21, size between 200 and 2200 bp (Table 1) . In their study on L. elongatus, Ramos et al. (2012) detected a similar number of fragments varying between 8 and 22.
There were significant differences (p<0.05) in the frequency of 25 out of the 89 fragments, with low-frequency fragments (less than 0.100) reported in populations A (PopA = 2) and B (PopB = 3).
Fixed fragments (1.000 frequency) were detected in the two populations (PopA = 6 and PopB = 3) and four exclusive fragments (PopA = 3 and PopB = 1) ( Table 2) . Shannon´s Index of genetic diversity and the percentage of polymorphic fragments were higher in PopA (0.392 and 71.9%, respectively) than in PopB (0.309 and 61.8%, respectively) ( Table   3) . Above results coupled to exclusive and fixed fragments demonstrated that even populations with low-frequency fragments have a high intrapopulation genetic variability plus a trend for genetic differentiation. Shannon´s Index and the percentage of polymorphic fragments are genetic parameters successfully employed to estimate the genetic variability of the population (ALMEIDA et al., 2013; GOMES et al., 2011 GOMES et al., , 2013 JACOMETO et al., 2010; LOPERA-BARRERO et al., 2010; PAULA, 2006) . The analysis of molecular variance (AMOVA) between the populations revealed a greater intra-population rather than an inter-population variation. On the other hand, genetic distance and identity rates showed differentiation between the populations (Table 4) . Fst and Nm rates showed moderate genetic differentiation (WRIGHT, 1978) , with a low number of migrant fish ( Table  5) . Results demonstrate the formation of two genetically distinct groups, with low genic flow (Nm = 3.6) between the populations, possibly due to the ascending migration impairment of adult specimens, fingerlings and larvae of L. elongatus from upstream to downstream. Wright (1978) and number of migrants per generation (Nm) for populations (PopA and PopB) of Piapara (L. elongatus) in the HPP São Domingos area. Research by Gomes et al. (2013) and Ramos et al. (2012) demonstrated that physical barriers, such as HPP, affect the genetic composition of populations in the regions upstream and downstream. Current research showed that a natural barrier, such as the Cachoeira Branca, also triggers a genetic differentiation in the populations but does not totally hinder the genic flow between the two. It may be presumed that the construction of the dam impedes the genic flow from the upstream to the downstream section since no descending transposition system is totally efficient. Moreover, lifts (ascending transposition) may be lethal to fish (SIROL; BRITO, 2006) .
Grouping
Research on transposition techniques such as that undertaken by Agostinho et al. (2011) in the HPP on the river Tocantins showed that the fish transposition ladder may be restrictive for migrating (such as L. elongatus) and non-migrating species. According to the above authors, the ladders are deficient in the passage downstream. In fact, all fish caught on the transposition ladders were within an ascending migration (downstream to upstream). It is expected that the same occurs in the São Domingos HPP since it will affect the genic flow previously warranted by the waterfall. The installed transposition mechanism must permit a controlled passage for fish so that populations in the downstream section of the dam would not be eliminated, since this population does not have access to the upstream section. It is expected that sub-populations of L. elongatus would be formed in the upstream region since the ascending transposition may provide a genetic imbalance in the upstream populations. According to Marteleto (2015) , when a population is fragmented and its size is reduced, endo-crossings between specimens increase, with a decrease in reproduction performance. Consequently, the population becomes more vulnerable to the effects of genic drift, with a decrease in the offspring´s adaptability.
Results on genetic variability in current assay may be employed as an initial basis for the genetic distribution of wild populations of L. elongatus and may be an asset in future studies on the implantation of conservation and preservation programs of migrating fish species (for instance, re-populations) impacted by dams. Current analysis showed that dominant markers may be a simple tool to achieve these aims. According to Hilsdorf (2013) , the employment of dominant markers to estimate variability is common in fresh water fish and is corroborated by several recent research works in Brazilian native species (ALMEIDA et al., 2013; GOMES et al., 2011 GOMES et al., , 2013 JACOMETO et al., 2010; LOPERA-BARRERO et al., 2010; RAMOS et al., 2012) .
Genetic variability was actually high in each population and revealed differences between the Cachoeira Branca upstream and downstream populations, with low genic flow among the groups´ specimens. The transposition ladders of the São Domingos HPP should serve as a controlled fish transposition for the maintenance of genetic variability. Further studies should analyze this differentiation of the populations upstream and downstream the dam.
